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SUMMARY 

The thermal r e s i s t a n c e  of Bacillcs g l o b i g i i  spores dr ied on paper 

s t r i p s  and encapsulated i n  Lucite rods has  been de termhed a t  a d r y  h e a t  

exposure temperature of 125'Go The D1250e valEe f o r  these spores d r i e d  

on paper s t r i p s  was found t o  be 1.72 hours with a 95% confidence i n t e r -  

v a l  of 1 .61  ts 1.83  hclirs. In  dupl icate  experiments performed with these  
1 

/ values w e r e :  experiment 1, the D125°C spores encapsulated i n  Luci.te, 

i 3,08  hours, 959, confidence i n t e r v a l  of 2.55 t o  3.61 hours; experiment 2, 

3 .44 hcurs, 95% confidence in t e rva l  of 2.98 t o  3.89 hours. 



ECOLOGY AND THERMAL INACTIVATION O F  MICROBES I N  

AND ON INTERPLANETARY SPACE VEHICLE COMPONENTS 

INTRODUCTION 

The genera l  goa ls  of t h i s  p ro jec t  and the  r e l a t e d  need f o r  a 

system t o  q u a n t i t a t i v e l y  enumerate the b a c t e r i a l  spores  encapsulated i n  

p l a s t i c s  o r  o the r  inso luble  mater ia l s  have been discussed i n  the  F i r s t  

Q w r t e r l y  Report of Progress. I n  order t o  pursue these  goals,  a deci-  

s i o n  was made t o  c a r r y  out  the i n i t i a l  work i n  a model system using 

Bac i l lu s  g l o b i g i i  and Lucite.  

methods w e r e  described by which acetone suspensions of spores  could be  

added t o  Luci te  rods and recovered quan t i t a t ive ly  by a combination of 

acetone d i s s o l u t i o n  and S e i t z  f i l t r a t i o n ,  S t a t i s t i c a l  ana lys i s  of 

da t a  r e l a t h g  t o  the  r ep roduc ib i l i t y  of the  rods revealed tha t :  (a) no 

d i f f e r e n c e  i n  count, on the  average, occxrred i n  rods prepared from 

I n  the Third Quar te r ly  Report of Progress 

sepa ra t e  batches of p l a s t i c  on d i f f e r e n t  days; (b)  approximately the  

same number of spores,  on the  average, was present  i n  every p a r t  of 

any rod when an inoculum l e v e l  of a t  l e a s t  7x10 spores  per  gram was used 

and (c)  t h a t  the  number of v i ab le  organisms encapsulated i n  the polymer- 

ized  rod does not  change with respec t  t o  t i m e  over a period of severa l  

days s to rage  a t  rccm temperature. 

6 

The research  planned f o r  the FGLrth Quarter  i n  convecticn with the  

e v a h a t i o n  of gr inding systems fo r  recovering spores  from non-soluble 

F l a s t i c s  was abandoned a t  the  request  of the Ccntract  Of f i ce r  i n  favor of 

the  developftnent of d a t a  on the  dry-heat i n a c t i v a t i o n  of Backllks g l o b i g i i  

spores  encapsulated i n  Lacf te  and exposed t o  125°C. Accordingly, a l l  

work presented  i n  t h i s  r epor t  r e l a t e s  s p e c i f i c a l l y  t o  the  generat ion of 

these  da t a .  
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EXPERIMENTAL 

E f f e c t  of acetone on the  dry-heat r e s i s t ance  of B. g l o b i g i i  spores. - 
I n i t i a l  experiments i n  which acetone suspensions of B. g l o b i g i i  

spores  w e r e  encapsulated i n  Luci te  rods revealed t h a t  a %log cycle  re- 

duct ion i n  numbers of v i ab le  spores occurred a f t e r  3-hours of exposure 

t o  a dry h e a t  temperature of 125OC. This was followed by an add i t iona l  

l og  cycle  reduction a f t e r  6-hours of exposure. This extremely r ap id  

die-off  was contrary t o  the  r e s i s t ance  of 2. g l o b i g i i  spores encapsulated 

i n  p l a s t i c s  t h a t  Koesterer (1) reported. These observations prompted 

a series of experiments t o  determine the  normal hea t  r e s i s t a n c e  of the  

- B. g l o b i g i i  spore crop produced i n  t h i s  labcratory ( F i r s t  Q u a r t e r l y  

Report of Progress) and the e f f e c t s  of t he  p l a s t i c  f a b r i c a t i o n  and re- 

covery methods on the  hea t  r e s i s t ance  of these spores. 

To evaluate  these f ac to r s ,  a port ion of the s tock aqueous spore 

crop was divided i n t o  two f r ac t ions .  One f r a c t i o n  was used t o  inoculate  

paper s t r i p s  (I" x 3/8") by applying 0.03 m l  amounts t o  each s t r i p  by 

means of a RGI  Znc. Micrometer Buret. The second f r a c t i o n  was d i l u t e d  

i n  acetone t o  ob ta in  the  des i r ed  concentration of spores and 0.1 m l  

p x t r c n s  Ef the  acetone suspens im were inoculated onto s imi l a r  f i l t e r  

paper s t r i p s .  The incculated paper s t r i p s  w e r e  placed in steri le co t ton  

stoppered b o r o s i l i c a t e  TDT tubes (IO nun x 100 mm) and d r i ed  fn  a dessica-  

tor overnight a t  room temperature. The following morning the  tubes were 

s e a l e d  i n  an oxy-gas flame and placed i n  an o i l  bath operat ing a t  125OC. 

A t  va r ious  i n t e r v a l s  tLbrs were removed, cooled i n  an ice  bath and opened 

a s e p t i c a l l y .  The paper s t r i p s  were examined b a c t e r i o l o g i c a l l y  by grind- 

i n g  each s t r i p  i n  a Waring blendor with 100 ml of phosphate buffer  d i l c -  

t i o n  water and p l a t i n g  the  sarvivors  i n  TGE agar. The p l a t e s  w e r e  
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incubated f o r  48 hours a t  35'C. 

and ind ica t e  t h a t  pre-treatment of spores  with acetone renders  them more 

s e n s i t i v e  t o  dry h e a t  inac t iva t ion .  I n  another experiment, p l a s t i c  rods 

were heated a f t e r  inocula t ion  with spores  sepa ra t e ly  prepared i n  water  

These da ta  a r e  presented f n  Table 1 

and acetone. 

acetone prepared spores  survived the  hea t ing  i n  p l a s t i c .  

The da ta  were comparable t o  the  paper experiment a s  fewer 

Because acetone a f f ec t ed  the h e a t  r e s i s t a n c e  of spores, i t  was de- 

cided t o  determine whether acetone a l s o  a f f ec t ed  the outgrowth of spores  

t h a t  survived a h e a t  treatment.  Experiments were performed with pa i red  

paper s t r i p s  t h a t  were inoculated and d r i ed  a s  previously descr ibed with 

e i t h e r  acetone o r  water prepared spores, 

125°C (dry hea t )  f o r  1 hour i n  sealed TDT tubes and then examined f o r  

survivors .  One p a i r  of paper s t r i p s  was ground and d i l u t e d  i n  s t e r i l e  

acetone and the  second p a i r  was ground and d i l u t e d  i n  s ter i le  water.  

d i f f e rence  i n  the  numbers of spores recovered was noted from the  papers 

ground and d i l u t e d  i n  e i t h e r  d i luen t  i nd ica t ing  acetone did not  a f f e c t  

The s t r i p s  were subjected t o  

No 

outgrowth of hea t -sens i t ized  spores. I n  each instance,  however, fewer 

of t h e  acetone prepared spores  survived the  hea t  treatment than water pre- 

pared spores,  confirming the  observation t h a t  acetone s e n s i t i z e s  spores  t o  

h e a t  (see Table 2). 

These da t a  indicated t h a t  a new method of inocula t ing  and fabr f -  

e a t i n g  Lticite rods was necessary i n  order  t o  prevent s e n s i t i z a t i o n  of 

spores  with acetone.  Accordingly, the  following procedure was developed: 

1 - m l  of the  aqueous s tock  spore suspension is d i s t r i b u t e d  over 50 grams of 

Luicite powder contained i n  a s t e r i l e  drying panr 

forced-a i r  drying oven f o r  30 minutes a t  5OoC, 

The pan is  placed i n  a 

The pan is removed from 
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the  oven and the  powder is placed i n  a s ter i le  motar and g r o u d  by hand 

u n t i l  the  d r i ed  spore inoculum appears t o  be evenly d i s t r i b u t e d  through- 

out  the powder. The powder is returned t o  the  drying pan and heated fo r  

111,. add i t iona l  30 minutes i n  the  oven followed by a second grinding i n  the  

motar. To each 50 grams of inoculated and d r i ed  powder, 50 m l  of methy- 

methacrylate is added, The inoculated, unpolymerized p l a s t i c  is fabriea-  

ted i n t o  rods, from t h i s  point  on, i d e n t i c a l l y  t o  the  manner described i n  

the Third Quar te r ly  Report of Progress, 

The ana lys i s  fo r  t he  d i s t r i b u t i o n  of spores  i n  rods t h a t  w a s  de- 

sc r ibed  in t he  Third Quarter ly  Report of Progress was applied t o  the  rods 

fabr ica ted  by the  new method, This ana lys i s  revealed t h a t  no s i g n i f i c a n t  

d i f f e rences  (D P 0.05) i n  spore concentrations occurred between rods o r  

a t  d i f f e r e n t  loca t ions  wi th in  a rod. 

Dry-heat r e s i s t a n c e  of - B. g l o b i g i i  spores  encapsulated i n  Luci te  rods o r  
d r i ed  on paper s t r i p s ,  

Dry-heat i nac t iva t ion  experiments a t  125OC were performed t o  de- 

termine the  r e s i s t ance  of Baci l lus  g l o b i g i i  spores encapsulated in Lucite  

rods and d r i ed  on f i l t e r  paper strips, ,  Lucite rods were inoculated and 

f ab r i ca t ed  a s  described i n  the preceding sec t ion  of t h i s  report ,  S t e r i l e  

paper s t r i p s  (lV1 x 3/8") w e r e  inoculated by means of the micrometer bure t  

w i th  0,Ol m l  amounts of the same aqueous s tock  spore suspension Lsed t o  

inocula te  the  p l a s t i c .  Following inoculat ion,  the paper s t r i p s  we,re 

placed i n  steri le co t ton  stoppered TDT tubes. Because the f ab r i ca t ion  

of inoculated p l a s t i c  rods requires  a one-hour exposure t o  50°C i n  a 

forced a i r  oven t o  dry the inoculum on the  granulated p l a s t i c  and is fo l -  

lowed by a second heat-treatment i n  a water bath (2 hours a t  50°C) t o  

polymerize the  p l a s t i c ,  t h e  TDT t u b e s  containing the inoculated paper 
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s t r i p s  w e r e  subjected t o  these same condi t ions  simultaneously t o  the  

p l a s t i c  powder and polymerizing rods. Af t e r  completion of the poly- 

merization, a l l  tubes  containing paper o r  p l a s t i c  were removed from the  

water  bath. The co t ton  s toppers  were removed and the tubes sealed i n  an 

oky-gas flame, Af te r  sea l ing ,  a l l  the tubes (paper and p l a s t i c )  remain- 

ed a t  room temperature overnight (approximately 16 hours).  

A t  var ious  i n t e r v a l s  throughout 24 hours, two TDT tubes contain-  

ing  p l a s t i c  and two containing paper were dropped simultaneously i n t o  a 

c i r c u l a t i n g  o i l  ba th  operat ing a t  125°C (* 0.l"C). 

tubes were removed simultaneously from the  o i l  bath and dropped i n t o  a 

c i r c u l a t i n g  cold water  bath (4OC, * 0.5OC). The tubes were allowed t o  

cool  f o r  15 minutes a f t e r  which they w e r e  removed from the  cold bath,  

wiped dry  and placed i n  a r e f r i g e r a t o r  u n t i l  examined (see  below). 

A l l  the  experimental  

The hea t - t r ea t ed  TDT tubes containing the  Luci te  were examined 

b a c t e r i o l o g i c a l l y  a s  described i n  the  Third Quar te r ly  Report of Progress  

with the  following exceptions: (a} two 1/2" wide c u t s  ins tead  of four  

w e r e  made through each rod; and (b} t h e  200 m l  of ace tone-p las t ic  solu- 

t i o n  was poured d i r e c t l y  i n t o  a one - l i t e r  Erlenmyer f l a s k  containing 

800 m l  of s teri le phosphate buffered d i l u t i o n  water while the  f l a s k  con- 

t e n t s  w e r e  being vigbrouely ag i t a t ed  by means of a magnetic stirrer. 

Addi t iona l  s e r i a l  d i l u t i o n s  w e r e  prepared of the  f l a s k  conten ts  and 

p l a t e d  out  i n  dup l i ca t e  i n  tryptone, glucose, beef e x t r a c t  agar. 

l a t t e r  modff icat ion el iminated the  need f o r  the  S e i t z  f i l t r a t i o n  s t e p  

descr ibed  formerly, 

This  

The hea t - t rea ted  TDT tubes contafning the  paper s t r i p s  were scored 

and opened a s e p t i c a l l y .  The paper s t r i p  was dropped i n t o  a micro Waring 
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blendor cup containing 100 m l  of sterile phosphate buffered d i l u t i o n  water 

and blended f o r  2 minutes a t  slow sMed. 

of the  blend w e r e  prepared in t he  same buffer  and p la ted  i n  dupl ica te  i n  

tryptone, glucose, beef extract agar. 

Further  s e r i a l  ten-fold d i l u t i o n s  

Because the  hea t  exposure experiment was conducted i n  an uncon- 

vent iona l  manner ( tubes placed i n  the bath a t  separa te  i n t e r v a l s  but a l l  

removed simultaneously; tubes r e f r ige ra t ed  f o r  s eve ra l  hours before Sam- 

p l ing) ,  i t  was necessary t o  make the  following determinations a s  cont ro ls ,  

(a)  t he  pe r s i s t ance  of spores encapsulated i n  p l a s t i c  and dr ied  on paper 

when sea led  i n  TDT tubes and s tored a t  room temperature fo r  var ious per iods;  

and (b) whether a change occurred with tfme of t he  number of de tec tab le  

spores  i n  p l a s t i c  or on papers t h a t  had been heated and then s tored  in t h e  

r e f r i g e r a t o r  before sampling. Accordingly, a number of e x t r a  TDT tubes 

containing inoculated p l a s t i c  rods or papers w e r e  s i m i l a r l y  prepared a t  

the  s a m e  t i m e  as those employed i n  the hea t ing  experiment. These e x t r a  

tubes were held a t  room temperature and dupl ica te  tubes of each type w e r e  

examined bac te r io log ica l ly  by the  above method a t  t h e  var ious  t i m e  i n t e r -  

v a l s  corresponding t o  t h e  hea t  exposure i n t e r v a l s  of the  experimental tubes, 

Another s e t  of e x t r a  TDT tubes of each type w a s  subjected t o  exposure in 

t he  125OC oil bath f o r  1 hour a f t e r  which the  tubes were removed, dr ied  and 

coaled a s  above, and s tored  in t he  r e f r ige ra to r  a t  4°C- 

v a l s  throughout 72  hours these  tubes were removed from the  r e f r i g e r a t o r  

and examined bac te r io log ica l ly  according t o  the  methods described above. 

A t  var ious i n t e r -  

The i n i t i a l  count of the  number of spores  per  gram of p l a s t i c  or 

per  paper s t r i p  was obtained a s  the "zero t i m e "  counts of the dupl ica te  

p l a s t i c  end paper TDT tubes i n  the non-heat-treated con t ro l  s e r i e s ,  ALL 
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p l a t e s  der ived from e i t h e r  the  contents  of experimental  o r  con t ro l  TDT 

tubes were incubated f o r  48 hours a t  35OC and then counted, 

The experiments described above w e r e  performed on two separa te  

occasions using separa te  batches of p l a s t i c  end paper s t r i p s .  

inoculum used i n  each experiment was obtained from the  same aqueous 

The spore 

s tock  spore suspension that  w a s  maintained cont inua l ly  a t  5OC. 

No s i g n i f i c a n t  (CL = 0.05) change i n  spore counts pe r  gram of 

p l a s t i c  o r  per  paper s t r i p  was noted when non-heat-treated con t ro l  same 

p les ,  s tored  a t  room temperature, were examined a t  var ious  t i m e  i n t e r -  

va l s ,  This  experiment demonstrates t h a t  a pred ic tab ly  cons tan t  number 

of spores  was h e a t  t r e a t e d  i n  the  plast ic .  and on the  paper a t  each t i m e  

i n t e r v a l  . 
Addit ional ly ,  no d i f f e rences  i n  spore counts were observed between 

the  hea t - t rea ted  con t ro l  rods and papers examined immediately a f t e r  heat-  

ing, compared with s i m i l a r l y  heated but subsequently r e f r ige ra t ed  rods 

and papers  sampled a f t e r  var ing  s torage times up t o  72 hours. These da t a  

ind ica ted  t h a t  r e f r i g e r a t e d  s torage  a f t e r  hea t ing  did not  cause any change 

i n  numbers of h e a t  s ens i t i zed  spores d w i n g  r e f r ige ra t ed  storage.  

ip 
The p l o t s  of t h e  su rv iva l  points  f o r  2. g l o b i g i i  spores  encapsu- 

l a t e d  i n  L w f t e  a r e  shown i n  FigLres 1 and 2, and present  the da t a  from 

the  f i r s t  and second experiments, respect ively.  Each po in t  i n  these  p l o t s  

i s  a mean value obtained by averaging the  dup l i ca t e  p l a t e  count values  f o r  

each rod, 

apparent .  

t h a t  would be charac te r ized  by an approximately 99% reduct ion i n  numbers 

I n  observing these  data ,  a non-logarithmic order  of death is 

I f  these po in t s  w e r e  connected, a t r i -phas i c  curve would r e s u l t  



wi th in  the  f i r s t  30 minutes of exposure, followed by a f l a t t e n i n g  of the  

curve between 30 minutes and 4 hours and f i n a l l y  a logari thmic die-off 

from 4 hours onward, This type of curve could r e s u l t  from a populat ion 

of spores  with non-hmogeneous or mixed hea t  res i s tance .  That the  h e a t  

r e s i s t a n c e  of the  spores  i n  the  o r ig ina l  aqueous s tock  spore suspension 

was homogeneous is  e s t ab l i shed  by observing the thermal su rv iva l  curve 

i n  Figure 3 obtained from spores dr ied on paper s t r i p s .  

p re sen t s  a l l  the  po in t s  obtained from the  dup l i ca t e  p l a t e  count values  

f o r  each of t h e  pa i red  paper s t r i p s  examined a t  each t i m e  i n t e r v a l  i n  

both experiments. A weighted l i nea r  regress ion  was ca lcu la ted  from 

these da t a  such t h a t  93% of the  sums of squares of devia t ions  could be 

This  f igu re  

explained by t h i s  l i n e a r  regression.  This regress ion  i s  presented a s  

the  s u r v i v a l  curve i n  Figure 3 and reveals  t h a t  a s t r a i g h t  l i n e  could 

be f i t t e d  from the  survivor  counts obtained on paper from 0 hours through 

14 h w r s  exposure, 

c o l l e c t e d  a t  16, 20 and 24 hours of exposure. 

value f o r  t h i s  curve i s  1.72 hours with 95% confidence i n t e r v a l s  of 1.61 

hours  t o  1.83 hours. The t r u e  I) value may be expected, 95% of the  the, 

t o  l i e  between the  above range, Since spores placed on the paper o r i g i -  

nated f r m  the  same spore suspension encapsulated i n  p l a s t i c ,  the  two 

d i s t 2 n c t  h e g t - r e s i s t a n t  spore populations i n  the  p l a s t i c  most probably 

a r i s e  a s  t he  e f f e c t s  of encapsulation, 

capsulated i n  the  p l a s t i c  a r e  hea t  l a b i l e  i n  comparison t o  the  hea t  re- 

s i s t a n c e  of the same spores  heated on paper. The remainder of the  spores  

i n  the  p l a s t i c  a r e  except iona l ly  hea t  r e s i s t a n t  i n  comparison t o  those 

heated on paper. 

end 2 a s  those dying r ap id ly  i n  the  f i r s t  30 minutes of hea t ing  and those 
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The major i ty  of the spores  (99%) 

These two populations a r e  e a s i l y  d iscernable  i n  Fimres 1 



dying a t  a s i g n i f i c a n t l y  slower r a t e  from 4 hours through 24 hours of 

heat ing,  The f l a t t ened  por t ion  o r  mid-section of the  curve is explainable  

as the  combined die-off rate of hea t -sens i t ive  and hea t - r e s i s t an t  spores,  

Figures  4 and 5 present  t h e  thermal r e s i s t ance  d a t a  from the  f i r s t  

and second experiments of the most hea t - r e s i s t an t  spore populations encap- 

su la ted  i n  p l a s t i c .  The number of survivors  (4 values  - dupl ica te  p l a t e  

count values  f o r  each of two rods) a r e  p lo t t ed  f o r  each exposure i n t e r v a l  

from 4 hours through 14 hours. Because the l i m i t  of reproducible recovery 

2 3 f o r  t h i s  procedure is between 10 and 10 spores per gram, surv iva l  po in ts  

of fewer numbers than these have not been p lo t ted .  A separa te  weighted 

l i n e a r  regress ion  was  ca lcu la ted  for  a l l  the  po in t s  obtained between 4 and 

14 hours  i n  each experiment and they a r e  separa te ly  presented i n  Figures  4 

and 5, These regressions expla in  86% and 89%, respec t ive ly ,  of the  sums of 

squares  of devia t ions  of t h e  f i r s t  and second experiments. Because of the 

d i f f e rences  i n  numbers of surviving spores  present  a f t e r  4 hours exposure 

i n  t h e  two experiments, it was not  poss ib le  t o  combine the  da ta  from the  

two experiments, a s  w a s  done with the paper data,  and present  a s ing le  l i n e  

based on a l i n e a r  regression of a l l  t h e  data.  Though the  two l i n e s  have 

d i f f e r e n t  i n t e r c e p t s  the  s lopes of both a r e  comparable, 

and corresponding 95% confidence i n t e r v a l s  fo r  t h e  two experiments are: 

D125 O C  
expe r %men t 1, 

hours;  experiment 2, 

t o  3-89 hours. The 95% confidence i n t e r v a l  fo r  the  l i n e a r  regression lime 

The D125eC values  

= 3.08 hours, 95% confidence i n t e r v a l  of 2.55 t o  3,61 

D125°C I: 3,44 hours, 95% confidence i n t e r v a l  of 2,98 

a r e  represented as the  dashed l i n e s  i n  Figures  4 and 5. 

Though i t  may be a b i t  premature, a t  t h i s  point ,  t o  speea la te  on 

the  causa l  mechanism responsible  for the  unusual shape of the hea t  inact iva-  

t i o n  curves f o r  spores  i n  p l a s t i c ,  c e r t a i n  explanations appear p laus ib le  
- 10- 



and warrant f u r t h e r  invest igat ion.  One explanation, though probably the  

least l i ke ly ,  i s  t h a t  during the  polymerization process a c e r t a i n  chemical 

e n t i t y  o r  e n t i t i e s  i n  the cas t ing  syrup r eac t  with the  spores  and predis-  

pose the  majori ty  t o  hea t  inac t iva t ion ,  whereas these same e n t i t i e s  react 

d i f f e r e n t l y  with a minor por t ion  of t h e  population rendering it hea t  re- 

s i s t a n t .  

the  p l a s t i c  during polymerization. Data co l lec ted  i n  t h i s  laboratory and 

reported upon previously ind ica t e  t h a t  an approximate one-log cycle  re- 

duct ion i n  numbers of spores occurs during the polymerization s tep.  

completion of polymerization, no fur ther  reduct ion i n  numbers of spores  

occurs i n  rods s tored  f o r  s eve ra l  days a t  room temperature, From t h i s  i t  

may be assumed t h a t  the ac t ive  tox ic  moiety present  i n  p l a s t i c  i s  only 

f r e e  t o  r e a c t  with the  spore when the p l a s t i c  i s  i n  the  unpolymerized 

state. Consequently, i t  may a l s o  be t r u e  t h a t  the-agent  responsible  f o r  

predisposing spores  t o  h e a t  i nac t iva t ion  is ac t ive  only i n  the l i q u i d  

p l a s t i c  and t h a t  t he  longer the contact t i m e  between the  spore and t h i s  

a c t i v e  agent, the less hea t  r e s i s t a n t  the spore becomes, Therefore, spores  

loca ted  i n  the  outer  a reas  of t he  p l a s t i c  rod would be more h e a t  r ee i s -  

t a n t  than those c e n t r a l l y  located because polymerization occurs f i r s t  a t  

t h e  tube wa l l -p l a s t i c  i n t e r f ace  and progresses inward requi r ing  approxi- 

m t e l y  2 hours fo r  completion. 

perienced only a few moments contact  t i m e  with the ac t ive  agent, whereas 

c e n t r a l l y  located spores may be i n  contact  with the  ac t ive  agent f o r  a s  

much a s  2 hours. A t h i r d  explanation may be t h a t  of the  ex is tance  of hea t  

r e s i s t a n t  mutants present  i n  small umbers  i n  the o r i g i n a l  population, To 

achieve a f i n a l  inoculum of 1x10 spores per gram i n  a polymerized rod re-  

q u i r e s  t h a t  a t o t a l  of approximately l x l 0 l l  spores be added t o  each 50 

A second explanat ion may r e l a t e  t o  the d i s t r i b u t i o n  of spores i n  

Upon 

Thus spores  per iphera l ly  located have ex- 

8 
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grams of granulated powder t h a t  is dried i n  the oven y i e ld ing  an i n i t i a l  

inoculum of 1x10 

lowing polymerization s tep,  t he  number of de tec tab le  spores  per  gram 

is reduced t o  approximately 1x10 . 
a t  125OC t h i s  number i s  f u r t h e r  reduced t o  approximately 1x10 

9 
spores per gram. During the  drying s t e p  and the  fo l -  

8 
During the f i r s t  4 hours of hea t ing  

5 spores 

per  gram. 

i n  1x10 

a genet ic  bas i s  may be responsible  for  the r e s u l t s  observed i n  p l a s t i c ,  

Because only 50 t o  70 x 10 

one would not  expect t o  encounter s imi la r  h e a t  r e s i s t a n t  mutants on the  

paper, It is an t i c ipa t ed  t h a t  a s  t i m e  permits, these hypotheses w i l l  be 

subjected t o  experimentation i n  an e f f o r t  t o  expla in  the  nature  of t h e  

thermal inac t iva t ion  curves obtained i n  p l a s t i c .  

A n a t u r a l l y  occurring mutation frequency r a t e  of one mutant 

4 6 t o  1x10 c e l l s  is not uncommon among b a c t e r t a l  spec ies  and such 

6 spores a r e  inoculated onto each paper s t r i p ,  

Projected Research f o r  F i f t h  Quar t e r  

Activities during the f i f t h  quar te r  w i l l  be l a rge ly  devoted t o  ob- 

t a i n i n g  thermal res i s tanke  d a t a  on ;* g l o b i g i i  spores encapsulated i n  

Lucfte and exposed t o  dry hea t  temperatures of 115OC and 135OG. 
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Table 1 

Exposure 
Time i n  

Hours 

0 

Ef fec t  of pre-treatment with acetone on the  dry hea t  

Acetone Prepared Spores 
Dried on Paper 

Recovered per S t r i p  

295 x 10 

Aqueous Prepared Spores 
Dried on Paper 

Recovered pe r  a t r i p  
No. of Survivors No. of Survivors 

290 x lo6 6 

i nac t iva t ion  of Baci l lus  g l o b i g i i  spores  a t  125OC 

3 6 4.25 x 10 

6 750 

6 5.05 x 10 

4 5.7 x 10 

T a b l e  2 

Number of B. g l o b i g i i  spores on paper s t r i p s  surviving 
one hour eTposure t o  125OC dry hea t  i n  sealed TDT tubes 

Spores prepared i n  w a t e r  Spores prepared i n  acetone 
and d r i ed  on 

13-5 x 10 1 1 7  x 10’ 1 8 x 1 0  

7 = 20 x lo7 per s t r i p  
per s t r i p  

Wumber of spores per  s t r i p  of paper: 
paper inoculated fromwater  suspension 
paper inoculated from acetone suspension = 15 x 10 

- 13- 
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